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(57) ABSTRACT

An electrode mspection apparatus for spot welding 1s pro-
vided for precisely measuring diameters of a tip of an elec-
trode without reducing availability ratio 1 a production line,
and 1s particularly useful when inspecting a weld gun having
clectrodes with a narrow distance therebetween.

A CCD camera 91 for imaging the tip of the electrode held to
the weld gun 1s disposed 1n an mspection apparatus body 6.
The 1nspection apparatus body 6 includes a measuring refer-
ence unit 7 in which a fixing hole 72a for fixing the tip of the
clectrode 1s formed, and a mirror 8 obliquely arranged with
respect to the electrode so as to be distant from the fixing hole
72a at a position opposite to the electrode with respect to the
measuring reference unit 7. The CCD camera 91 1s disposed
in a side of the mirror 8 with a distance therebetween for
imaging the tip of the electrode from a direct front thereof
reflected on the mirror 8 by reflection.

12 Claims, 15 Drawing Sheets
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FIG.o
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ELECTRODE INSPECTION APPARATUS FOR
SPOT WELDING

TECHNICAL FIELD

The present disclosure relates to electrode inspection appa-

ratuses for spot welding used in, for example, automobile
production lines.

BACKGROUND ART

Conventionally, spot welding techniques of pressing elec-
trodes mounted on and held to tips of a weld gun to steel
plates, applying a pressure thereto, and causing energization
to provide resistance heating to the steel plates to weld them
together have been used 1n automobile production lines. The
spot welding techniques ensure reliability of products with
proper management of current values during welding, weld
times, applied pressure force, and conditions of tips of the
clectrodes. Among these elements, the tips of the electrodes
ensure welding quality most stably if they have a true circular
shape and do not 1include waste maternals attached thereto.
However, after the welding 1s done a predetermined times, the
tips of the electrodes do not have the true circular shape due to
wear, or oxide coatings and the like are attached to the tips,
resulting 1n deterioration of the tip condition, and 11 the weld-
ing 1s continuously performed with the tips deteriorated, the
quality of the welded parts 1s not ensured. Therefore, 1t 1s
necessary to dress the deteriorated tips of the electrodes so
that the tips are a proper condition, and a proper management
of the dressed condition 1s needed. For example, Patent Docu-
ment 1 shows periodically capturing images of electrodes by
a camera from a side of a weld gun with the electrodes
mounted on and held to tips of the weld gun, calculating the
diameters of tips of the electrodes by using the captured
images, and checking conditions of the tips of the electrodes
to compare and determine whether the electrodes are 1n a
normal condition to manage the condition of dressing 1n the
clectrodes.

CITATION LIST

Patent Document

PATENT DOCUMENT 1: Japanese Patent Publication
No. 2009-160656 (Paragraph and FIG. 1)

SUMMARY OF THE INVENTION

Technical Problem

If the t1p of the electrode becomes elliptical in shape due to
wear, the welding quality 1s not ensured, and therefore, it 1s
necessary to measure diameters of the tip 1n at least two
directions to compare and determine whether the tip 1s 1n a
normal condition (true circle).

However, 1n Patent Document 1, since the electrodes are
imaged by the camera from the side of the weld gun, 1n order
to precisely measure the tip of the electrode, the image must
be captured while the position of the weld gun or the position
of the camera 1s changed, resulting 1n capturing much time for
ispection, and reducing availability ratio in the production
line. In order to avoid these problems, 1mages may be cap-
tured by a camera from a side of the electrode tip. However, in
most cases of the spot welding, a technique welding steel
plates by sandwiching the steel plates with a pair of electrodes
has been adopted, and the distance between the electrodes 1s
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short, and therefore, when the camera 1s disposed 1n the side
closer to the electrode tip for capturing images, the electrode

inspection apparatus has a large size, and therefore, the appa-
ratus can be used only for weld guns having electrodes with a
relatively wide distance therebetween, resulting 1n decreasing,
its versatility.

The entire length of the electrode becomes longer after
dressing, and therefore, in the measurement method 1n such
as Patent Document 1, whenever the electrode 1s dressed, a
distance from the camera to the tip of the electrode varies, and
therefore, variations of measured values may occur.

In view of the foregoing, the present invention has been
developed. It 1s an object of the present invention to provide
an electrode mspection apparatus for spot welding which can
precisely measure diameters of tips of electrodes without
reducing availability ratio in the production line, and which 1s
particularly useful when using a weld gun having electrodes
with a narrow distance therebetween.

Solution to the Problem

In order to attain the above object, the present invention 1s
characterized by imaging a tip of an electrode from a direct
front thereof retlected by reflection on a mirror disposed 1n a
side closer to the tip of the electrode with the electrode fixed
in a fixing hole of a measuring reference unit.

Specifically, the present mvention 1s directed to an elec-
trode 1nspection apparatus for spot welding, the apparatus
including an 1nspection apparatus body 1n one or more cam-
eras for 1maging tips of one or more electrodes for spot
welding held to a weld gun are disposed and a control unit
having a calculation section processing images of the tips of
the electrodes captured by the cameras, and a determiming
section comparing a calculation result 1n the calculation sec-
tion with a preset value to determine conditions of the tips of
the electrodes, and the following solving means are captured.

According to a first aspect of the present invention, the
ispection apparatus body includes a measuring reference
unit 1n which a fixing hole for fixing each of the tips of the
clectrodes 1s formed, and a mirror obliquely arranged with
respect to one of the electrodes so as to be distant from the
fixing hole at a position opposite to the one of the electrodes
with respect to the measuring reference unit, where each of
the cameras 1s di sposed in a side of the mirror with a distance
therebetween so as to 1image each of the tips of the electrodes
from the direct front thereof.

According to a second aspect of the present invention
related to the first aspect of the invention, a pair of the elec-
trodes are provided so as to face each other in both sides of the
minor, the mirror 1s formed into a plate shape, and has mirror
planes for retlecting the tips of the electrodes at both sides
thereof, and a pair of the cameras are provided 1n the both
sides of the mirror.

According to a third aspect of the present invention related
to the first aspect of the invention, a pair of the electrodes are
provided so as to face each other in both sides of the mirror,
the mirror 1s formed into a plate shape, has a mirror plane for
reflecting the tips of the electrodes at one side thereof, and 1s
rotatably attached to the mspection apparatus body, and one
of the cameras 1s only provided for rotating the mirror to
switch the electrodes reflected on the mirror to 1image the
respective tips of the electrodes from the direct front thereof.

According to a fourth aspect of the present invention
related to the first aspect of the invention, a pair of the elec-
trodes are provided so as to face each other in both sides of the
mirror, and the mirror 1s provided so as to include a pair of
mirror sections for retlecting the respective tips of the elec-
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trodes, and one of the cameras 1s only provided for simulta-
neously imaging the respective tips of the electrodes reflected
on the respective mirrors from the direct front thereof.

According to a fifth aspect of the present invention related
to any one of the first through the fourth aspects of the inven-
tion, 1llumination light sources are disposed around a periph-
ery of the lens of the cameras, and are made of an LED.

According to a sixth aspect of the present invention related
to the fifth aspect of the invention, the mspection apparatus
body 1s provided with a light quantity adjustment wall includ-
ing a light through hole therein and disposed so as to be in a
vicinity of a front of each of the cameras, and a space through
which light emitted from the 1llumination light sources passes
1s formed between an inner periphery of the light through hole
and the outer periphery of each of the cameras.

According to a seventh aspect of the present invention
related to the fitth aspect or the sixth aspect of the mvention,
the 1nspection apparatus body i1s provided with a protective
cover for filling the fixing hole, and the protective cover 1s
provided with a curved portion for reflecting the light which
has been reflected on the mirror from the i1llumination light
sources beyond a scope where the cameras can capture
1mages.

According to an eighth aspect of the present invention
related to any one of the fifth through the seventh aspects of
the mvention, the inspection apparatus body 1s provided with
a shield plate shielding the light emitted from the 1llumination
light sources and directly directing toward the electrode, and
located between the i1llumination light sources and each of the
clectrodes.

According to a ninth aspect of the present invention related
to any one of the first through the eighth aspects of the inven-
tion, the inspection apparatus body 1s provided with a plural-
ity of edge detection light sources illuminating the periphery
of the tips of the electrodes with each of the electrodes fixed
to the fixing hole.

According to a tenth aspect of the present invention related
to the ninth aspect of the invention, the edge detection light
sources are made of a blue LED.

According to an eleventh aspect of the present invention
related to any one of the first through the tenth aspects of the
invention, the control unit includes a data storage section
storing the 1images captured by the cameras, the calculation
result processed by the calculation section, and the result of
comparison and determination by the determining section.

According to a twelfth aspect of the present mmvention
related to any one of the first through the eleventh aspects of
the mvention, a display section includes for displaying the
images captured by the cameras, the calculation result pro-
cessed by the calculation section, and a result compared and
determined by the determining section.

Advantages of the Invention

According to the first aspect of the present invention, a
distance from the electrode to the camera through the mirror
1s constant, and therefore, variations of the measured values
are less likely to occur. Besides, the image of the tip of the
clectrode can be captured by the camera from the direct front
thereol, and therefore, the captured 1image 1s processed by the
calculation section, thereby measuring at least two or more tip
diameters at one time. With this process, the measurement of
the diameters of the electrode tip, 1.e., determination of
whether the tip has a true circular shape or not, 1s accurately
performed without reducing availability ratio 1n a production
line.
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According to the second aspect of the present invention,
both surfaces of the mirror reflect the respective tips of the
clectrodes at the same time, whereby 1images of the tips of the
pair of the electrodes are captured simultaneously, and the
diameters of the electrode tip 1s accurately measured without
reducing availability ratio in the production line. Since the
camera 1s not disposed between the pair of the tips of the
clectrodes, and only the mirror 1s disposed between the elec-
trodes, a width of a portion of the inspection apparatus body
located between the electrodes 1s short, thereby providing a
compact structure as a whole.

According to the third aspect of the present invention, 1f the
mirror rotates rotate 90 degrees, whereby each of tips of the
clectrodes 1s imaged by the camera. Therefore, the inspection
apparatus 1s provided with low cost and a compact structure.

According to the fourth aspect of the present invention, the
respective tips of the pair of the electrodes are simultaneously
imaged by the camera even if the mirror does not rotate.
Therefore, the inspection apparatus 1s provided with low cost
and a compact structure without reducing availability ratio 1in
the production line.

According to the fifth aspect of the present invention, the
ispection apparatus has a compact structure while light that
1s necessary to capture images by the camera 1s suificiently
generated.

According to the sixth aspect of the present invention, part
of the light emitted from the 1llumination light sources are
shielded by the light quantity adjustment wall, thereby mak-
ing 1t possible to set light quantity which 1s sufficiently for
imaging the electrodes and to image the electrodes clearly.

According to the seventh aspect of the present invention,
the protective cover prevents dust and the like attached to the
tips of the electrodes from entering the mside of the mspec-
tion apparatus body from the fixing hole. The light emitted
from the 1llumination light sources and reflecting on the pro-
tective cover 1s diffused 1n the curved portion of the protective
cover, and does not reflect on the lens of the camera, thereby
making it possible to 1image the electrodes clearly.

According to the eighth aspect of the present ivention,
even when the distance between the 1llumination light sources
and the electrodes 1s shortened, the light emitted from the
i1llumination light sources does not directly illuminate the tip
of the electrode, and the structure avoids a state where the
light directly 1lluminating the tip of the electrode from the
illumination light sources reflects on the camera, and the like.
Therefore, the inspection apparatus body has a compact struc-
ture while the electrodes are clearly viewed.

According to the ninth aspect of the present invention, the
tip periphery of the electrode 1s clearly imaged on the image
captured by the camera. Therefore, the calculation of the
captured 1images by the calculation section 1s precisely pro-
cessed, thereby making 1t possible to measure the diameters
of the tips of the electrodes.

According to the tenth aspect of the present invention,
unlike an LED of white light, when the blue LED 1s used, the
blur i the tip periphery of the electrode due to glaze of the
clectrode does not occur, and the tip periphery of the electrode
1s clearly imaged on the image captured by the camera,
thereby the calculation processing by the calculation section
1s Turther accurate.

According to the eleventh aspect of the present invention,
the captured 1mages or the processed data can be confirmed
alter the inspection. Therefore, a dressing cycle of the elec-
trode and the like can be considered later based on the
obtained data.

According to the twelfth aspect of the present invention,
the workers can know the condition of the electrodes even 1t
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the workers do not enter the production line, and the workers
sately manages the production line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an electrode inspection
apparatus according to a first embodiment of the present
invention.

FIG. 2 1s a perspective view showing the inside of the
clectrode mnspection apparatus according to the first embodi-
ment of the present invention.

FIG. 3 1s a perspective view showing a part of a measure-
ment reference unit according to the first embodiment of the
present invention.

FIG. 4 1s a cross-sectional view taken along line A-A in
FIG. 1.

FIG. 5 1s a control block diagram of the electrode 1mspec-
tion apparatus according to the first embodiment of the
present invention.

FIGS. 6 are images of an electrode captured by a camera in
a normal state. FIG. 6(a) 1s an 1image before a calculation
processing 1s performed 1n a calculation section, and FIG.
6(b) 1s an 1mage after the calculation processing 1s performed
in the calculation section.

FIGS. 7 are images of an electrode captured by a camera
where diameter of the tip of the electrode 1s within a normal
range, and oxide coatings are attached to the electrode in large
quantities. FIG. 7(a) 1s an 1image before the calculation pro-
cessing 1s performed in the calculation section, and FIG. 7(b)
1s an 1mage after the calculation processing 1s performed 1n
the calculation section.

FIGS. 8 are images of an electrode captured by a camera
where diameter of the tip of the electrode exceeds the normal
range, and oxide coatings are attached to the electrode in
small quantities. FIG. 8(a) 1s an 1image before the calculation
processing 1s performed in the calculation section, and FIG.
8(b) 1s an 1mage aiter the calculation processing 1s performed
in the calculation section.

FIGS. 9 are images of an electrode captured by a camera
where diameter of the tip of the electrode exceeds the normal
range, and oxide coatings are attached to the electrode in large
quantities. FIG. 9(a) 1s an 1image before the calculation pro-
cessing 1s performed in the calculation section, and FIG. 9(5)
1s an 1mage after the calculation processing 1s performed 1n
the calculation section.

FIGS. 10 are images of an electrode captured by a camera
where diameter of the tip of the electrode exceeds the normal
range, and exceeds a set value regarded as being outside of an
allowable range. F1G. 10(a) 1s an1image before the calculation
processing 1s performed in the calculation section, and FIG.
10(b) 1s an 1mage after the calculation processing 1s per-
tormed 1n the calculation section.

FIG. 11 1s a view corresponding to FIG. 4 according to a
second embodiment.

FIG. 12 1s a view corresponding to FIG. 4 according to a
third embodiment.

FIG. 13 1s a view corresponding to FIG. 4 according to a
fourth embodiment.

FIG. 14 1s a view corresponding to FIG. 1 according to a
fitth embodiment.

FIG. 15 1s a cross-sectional view taken along line B-B in
FIG. 14.

FIG. 16 1s a cross-sectional view taken along line C-C in
FIG. 14.

FI1G. 17 1s a perspective view of an upper frame according,
to the fifth embodiment of the present invention when viewed
from above.
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FIG. 18 1s a perspective view of a lower frame according to
the fifth embodiment of the present invention when viewed

from below.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described 1n
detail hereinaiter with reference to the accompanying draw-
ings. The following explanations of preferred embodiments
are substantially mere examples.

<<First Embodiment>>-

FIGS. 1-5 show an electrode inspection apparatus 1 for
spot welding according to a first embodiment. This electrode
inspection apparatus 1 1s used for inspecting conditions of a
pair of electrodes 2 made of chromium-copper or the like and
mounted on and held to tips of a weld gun G used when steel
plates are welded together by spot welding 1n automobile
production lines. The electrode spection apparatus 1
includes an 1mspection apparatus body 6 formed by process-
ing steel plates.

The mnspection apparatus body 6 1s formed 1nto a box shape

ol a substantially rectangular parallelepiped extending in a
horizontal direction. Central portions of both upper and lower
walls 1n the longitudinal direction are recessed, the distance
between the central portions 1n the longitudinal direction are
narrower than the distance between portions at both sides in
the longitudinal direction. The outer shape of the inspection
apparatus body 6 1s vertically symmetrical. Each of the
recessed central portions of the upper and lower walls of the
ispection apparatus body 6 includes a through hole 61 which
vertically passing through the central portion, and a measur-
ing reference unit 7.
The measuring reference unit 7 1n the upper wall side
includes a board 74 located outside the mspection apparatus
body 6, a protective cover 75 located outside the board 74 and
protecting a surface of the board 74, and an electrode fixing
plate 72 located outside the protective cover 75 and fixing the
clectrode 2 to be mspected.

The board 74 1s formed into a generally square plate, as
shown 1n FIG. 3, and includes 1n a central portion thereof a
through hole 74a located 1n a position corresponding to the
through hole 61 of the inspection apparatus body 6. A circular
protrusion 7456 protruding upwardly 1s formed 1n the periph-
ery of the through hole 74a of the board 74. On a wall of the
circular protrusion 74b, four light source holes 74c¢ are
formed so as to be located at positions in the longitudinal
direction and the width direction of the mmspection apparatus
body 6.

In the outside of the circular protrusion 745 on the board
74, 1n positions corresponding to the light source holes 74c,
four edge detection light sources 73 made of an LED emitting
blue light are provided to the vicinity of the circular protru-
sion 745 with the same interval therebetween. An acrylic
plate 74d having a substantially rectangular shape are
attached between the edge detection light source 73 and the
light source hole 74¢. Light emitted from the edge detection
light source 73 1s collected 1n the acrylic plate 74d, passes
through the light source hole 74¢, and illuminates from a
radial direction a tip periphery of the electrode 2 fixed to a
fixing hole 72a to be heremafter described, whereby the tip
periphery of the electrode 2 becomes clear by blue right Be
from the detection light sources 73 (see FIGS. 6-10).

The protective cover 75 1s formed into a generally square
plate, and includes a through hole 734 fitting 1nto an upper
edge of the circular protrusion 745 of the board 74 1s formed
in a central portion of the protective cover 75, as shown 1n

FIG. 4.
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The electrode fixing plate 72 1s formed 1nto a generally
rectangular plate extending in the width direction of the
ispection apparatus body 6, and 1s attached to the upper
surface of the protective cover 75. The fixing hole 72a formed
in the middle of the electrode fixing plate 72 and pierced
along the vertical direction has a diameter which becomes
gradually smaller toward the lower side, and the lower edge
portion of the electrode fixing plate 72 corresponds to the
position of the through hole 74a 1n the board the board 74. The
shape of the fixing hole 72a corresponds to that of the elec-
trode 2, and when the electrode 2 1s 1nserted into the fixing
hole fixing hole 72a, the electrode 2 1s stably fixed so as not to
move, and the position of the electrode 2 1s not shifted. The
fixing hole 72a has several different types 1n shape, and when
another type of the electrode 2 different in shape and diameter
of tip 1s 1spected, the electrode fixing plate 72 1s configured
to perform the mspection by changing the electrode fixing
plate 72 to another type of the electrode fixing plate 72.

As shown in FIGS. 2 and 4, a mirror 8 with a plate shape 1s
fixed 1n the substantially central portion of the imspection
apparatus body 6. The mirror 8 has mirror planes at both side
thereol, and 1s obliquely arranged with respect to the elec-
trode 2 so as to be distant from the fixing hole 72a at a position
opposite to the electrode 2 with respect to the measuring
reference unit 7.

In both ends of the inspection apparatus body 6 in the
longitudinal direction, a pair of CCD cameras 91 for imaging
the tips of the electrodes 2 from a direct front thereof reflected
on the mirror 8 by retlection are disposed 1n both sides of the
mirror 8 so as to be distant from the mirror 8, with supported
by camera boards 92 and 93 having a plate shape. A plurality
of 1llumination light sources 92a made of an LED emitting
white light to the periphery of the lens of the CCD cameras 91
are attached to the camera board 92 with the same interval
therebetween so that images captured by the CCD cameras 91
are clear.

A diffusion plate 10 extending outwardly from the outer
periphery of the CCD camera 91 1s provided between the
camera board 92 and the mirror 8. The diffusion plate 10 1s
made of a resin having a milky white color, and 1s configured
to diffuse light emitted from the plurality of the 1llumination
light sources 92a and directing toward the mirror 8, thereby
alleviating the problem of a non-uniform brightness distribu-
tion 1n light.

The measuring reference unit 7 1s also provided in a side of
the lower wall of the mspection apparatus body 6. The con-
figuration of the measuring reference unit 7 1n the side of the
lower wall and the configuration of the measuring reference
unit 7 in the side of the upper wall are symmetrical with
respect to the central portion of the inspection apparatus body
6 in the vertical direction.

As shown 1n FIG. 5, a control unit 5 1s connected to the
CCD camera 91, a display section 4 to be hereinafter
described, and a general-purpose robot (not shown) holding
the weld gun G or a control unit (not shown) 1n a production
line. The control unit 5 includes an calculation section 5a, a
determining section 5b, and a data storage section 5S¢, and 1s
configured to 1nitiate the inspection of the tip of the electrode
2 by a signal for initiating the inspection transmitted from the
general-purpose robot (not shown) or the control unit (not
shown) 1n the production line. The control unit the control
unit 5 1s configured to, based on the result of the inspection,
command the general-purpose robot (not shown) or the con-
trol unmit (not shown) 1n the production line to perform a
subsequent operation.

As shown 1n FIGS. 6-10, the calculation section S5a 1s
configured to calculate diameters rl and r2 of the electrode tip
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in two directions based on a position of the tip periphery of the
clectrode 2 1n which the gray level difference 1s clear by the
light emitted from the edge detection light sources 73. The
calculation section 5a 1s configured to, based on the above
result, generate a virtual circle C by a calculation processing.
Based on the gray level difference between the color of the
chromium-copper of the electrode 2 and a different portion,
the calculation section 5a 1s configured to perform a calcula-
tion processing with respect to ratios sl and s2 of waste
materials (oxide coatings and plating) attached to the tip.
Specifically, the calculation section 3a 1s configured to cal-
culate a ratio sl of an area of a range S1 where the oxide
coatings are attached to the tip (white part of the electrode tips
in FIGS. 6-10) to the area of the generated virtual circle C, and
aratio s2 of an area of a range S2 where the plating 1s attached
to the tip (black part of the electrode tips in FIGS. 6-10) to the
area of the generated virtual circle C.

The determining section 36 1s configured to compare the
calculation result processed by the calculation section 5a, and
a preset value in the data storage section 3¢ and make a
determination.

The data storage section 3¢ 1s configured to store set values
which are to be references of the diameters r1 and r2 of the
clectrode tip, the ratios sl and s2 of the waste materials
attached to the tip, and the like. The data storage section 5c¢ 1s
also configured to store images captured by the CCD camera
91, data of the diameters r1 and r2 of the electrode tip, the
ratios s1 and s2 of the waste matenals attached to the tip
calculated by the calculation section 5a, and data of the result
of the determination by the determining section 5.

As shown 1n FI1G. 5, the electrode inspection apparatus 1 1s
provided with a display section 4 which can display, by the
command from the control unit 5, the 1images of the tip of the
clectrode 2 captured by the CCD camera 91, the calculation
result 1n the calculation section 5q, and the result of the
determination by the determining section 3b.

Next, a control of the control unit 5 will be described 1n
detail hereinatiter. Each of the pair of the electrodes 2 which
has spot-welded steel plates at a predetermined time with the
weld gun G 1s dressed by a dresser (not shown). Then, each of
the pair of the electrodes 2 1s 1nserted into the fixing hole 72a
of the measuring reference unit 7 from the upper direction or
lower direction of the inspection apparatus body 6. After the
clectrode 2 1s fixed to the fixing hole 724, the control unit 5
receives a signal for initiating an inspection from the general-
purpose robot (not shown) holding the weld gun G or the
control unit (not shown) 1n the production line.

Upon recerving the signal for mitiating an inspection, the
control unit 5 commands the CCD camera 91 to capture an
image ol the tip of the electrode 2. Based on the command, the
CCD camera 91 captures the image of the tip of the electrode
2. At this time, the CCD camera 91 can capture the image of
the tip of the electrode 2 from the direct front thereol by using
the inclined mirror 8.

The calculation section Sa performs a calculation process-
ing with respect to the diameters rl and r2 of the electrode tip,
and the ratios s1 and s2 of the waste materials attached to the
tip of the electrode 2 by using the captured images stored in
the data storage section 5¢. The diameters rl and r2 of the tip
ol the electrode 2 1n two directions are calculated from the
position of the tip periphery of the electrode 2 which 1s clearly
viewed by the light emitted from the edge detection light
sources 73. Based on the above result, a virtual circle C of the
tip periphery of the electrode 2 1s generated by the calculation
processing, and the ratio s1 of the area of the range S1 where
the oxide coatings are attached to the tip (white part of the
clectrode tip in FIGS. 6-10) to the area of the generated virtual
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circle C, and the ratio s2 of the area of the range S2 where the
plating 1s attached to the tip (black part of the electrode tip in
FIGS. 6-10) to the area of the generated virtual circle C are
calculated. For example, regarding the electrode 2 shown 1n
FIG. 6(a), as shown in FIG. 6(b), the diameters of the elec-
trode tip are calculated as follows: r1=5.02 mm; and r2=4.99
mm, and the ratio sl of the area of the range S1 where the
oxide coatings are attached to the tip and the ratio s2 of the
area of the range S2 where the plating 1s attached to the tip are
calculated as follows: s1=6%; and s2=3%. Similarly, regard-
ing the electrode 2 shown 1n FIG. 7(a), as shown i FIG. 7(b),
the diameters of the electrode tip are calculated as follows:
r1=5.02 mm; and r2=5.01 mm, and the ratio s1 of the area of
the range S1 where the oxide coatings are attached to the tip
and the ratio s2 of the area of the range S2 where the plating
1s attached to the tip are calculated as follows: s1=42%; and
s2=10%. Regarding the electrode 2 shown 1n FIG. 8(a), as
shown 1n FIG. 8(b), the diameters of the electrode tip are
calculated as follows: r1=5.50 mm; and r2=5.39 mm, and the
rat10 s1 of the area of the range S1 where the oxide coatings
are attached to the tip and the ratio s2 of the area of the range

S2 where the plating 1s attached to the tip are calculated as
follows: s1=14%; and s2=3%. Regarding the electrode 2

shown 1n FIG. 9(a), as shown 1n FI1G. 9(b), the diameters of
the electrode tip are calculated as follows: r1=5.21 mm; and
r2=6.03 mm, and the ratio s1 of the area of the range S1 where
the oxide coatings are attached to the tip and the ratio s2 of the
area of the range S2 where the plating 1s attached to the tip are
calculated as follows: s1=39%; and s2=3%. Regarding the
clectrode 2 shown 1n FIG. 10(a), as shown 1n FIG. 10(d), the
diameters of the electrode tip are calculated as follows:
r1=5.21 mm; and r2=6.03 mm.

The calculated diameters rl and r2 of the electrode tip, and
the calculated ratios of the waste materials are compared with
the set values which are stored 1n the data storage section 5c¢
and which are to be references of the diameters rl and r2 of the
clectrode tip by the determining section 56 to determine
whether the electrode 1s normal. In the first embodiment, each
ol the set values of the diameters rl1 and r2 of the electrode tip
1s set to be 1n a range of 4.70-5.20 mm, both inclusive, and at
least one of the set values of the ratio s1 of the area of therange
S1 where the oxide coatings are attached to the tip, and the
ratio s2 of the area of the range S2 where the plating 1s
attached to the tip 1s set to be less than 20%. Furthermore,
when the diameter of the electrode tip 1s 6.00 mm or more,
that electrode 1s to be determined as the electrode 2 which 1s
regarded as being outside of an allowable range. For example,
regarding the electrode 2 1n FIG. 6, the diameter r1 of the tip
1s 5.02 mm and the diameter 12 of the tip 1s 4.99 mm, which
are within the range of the set values, and the ratio s1 of the
area of the range S1 where the oxide coatings are attached to
the tip 1s 6%, and the ratio s2 of the area of the range S2 where
the plating 1s attached to the tip 1s 3%, which are within the
range of the set values, and therefore, the electrode 2 1n FIG.
6 1s determined to be normal. Regarding the electrode 2 1n
FIG. 7, the diameter r1 of the tip 1s 5.02 mm and the diameter
r2 of the tip 1s 5.01 mm, which are within the range of the set
values, and the ratio s1 of the area of the range S1 where the
oxide coatings are attached to the tip 1s 42%, and the ratio s2
of the area of the range S2 where the plating 1s attached to the
tip 1s 10%, which are not within the range of the set values,
and therefore, the electrode 2 1n FIG. 7 1s determined to be
abnormal. Regarding the electrode 2 in FIG. 8, the ratio s1 of
the area of the range S1 where the oxide coatings are attached
to the tip 1s 14%, and the ratio s2 of the area of the range S2
where the plating 1s attached to the tip 1s 3%, which are within
the range of the set values. However, the diameter r1 of the tip
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1s 5.50 mm and the diameter r2 of the tip 1s 5.39 mm, which
are not within the range of the set values, and therefore, the
clectrode 2 in FIG. 8 1s determined to be abnormal. Regarding
the electrode 2 1n FIG. 9, the diameter rl of the tip 15 5.16 mm
and the diameterr2 of the tip 1s 5.47 mm, which are not within
the range of the set values, and the ratio s1 of the area of the
range S1 where the oxide coatings are attached to the tip 1s
39%, and the ratio s2 of the area of the range S2 where the
plating 1s attached to the tip 1s 3%, which are not within the
range of the set values, and therefore, the electrode 2 in FIG.
9 1s determined to be abnormal. Regarding the electrode 2 1n
FIG. 10, the diameter r1 of the tip 1s 5.21 mm and the diameter
12 of the tip 1s 6.03 mm, and since the diameter 12 1s 6.00 mm
or more, the electrode 2 1n FIG. 10 1s determined as the
clectrode 2 which 1s regarded as being outside of an allowable
range. Theretfore, 1n a calculation processing of the image in
FIG. 10, the virtual circle C 1s not generated along the tip
periphery of the electrode 2.

The set values of the diameters rl and r2 of the electrode
tip, and the ratio sl of the range S1 where the oxide coatings
are attached to the tip, and the ratio s2 of the range S2 where
the plating 1s attached to the tip are calculated can be any
values. In the first embodiment, 11 any one of the diameters rl
and r2 of the electrode tip, and the ratio s1 of the range S1
where the oxide coatings are attached to the tip, and the ratio
s2 of the range S2 where the plating 1s attached to the tip 1s not
within the set values, the electrode 2 i1s configured to be
determined to be abnormal. However, the electrode 2 may be
determined to be abnormal 11 both of the diameters and the
ratios are not within the set value.

If the determining section 55 determines the electrode 2 to
be abnormal, the control unit 5 commands the general-pur-
pose robot (not shown) or the control unit (not shown) in the
production line to dress the electrode 2. At this time, the
control unit 5 may command the display section 4 to display
a warning that, e.g., the electrode 2 1s 1n an abnormal state. On
the contrary, 1f the determining section 36 determines the
electrode 2 to be normal, the control unit 5§ commands the
general-purpose robot (not shown) or the control unit (not
shown) 1n the production line to do a next welding, and based
on the command, the welding operation 1n the production line
1s resumed.

The data storage section 5c¢ stores the captured image, the
calculation result, and the result of the determination. After
receiving a command from workers or the like to display data
such as the captured image, the calculation result, and the
result of the determination on the display section 4, the con-
trol unit 5 commands the display section 4 to display the data

such as the captured image, the calculation result, and the
result of the determination. Based on the command, the dis-
play section 4 displays the data such as the captured image,
the calculation result, and the result of the determination.
Therefore, according to the first embodiment of the present
invention, the electrode 2 1s fixed to the fixing hole 72a,
whereby a distance from the electrode 2 to the CCD camera
91 through the mirror 8 1s constant. Therefore, when the
calculation processing 1s performed with respect to the image
of the tip of the electrode 2 by the calculation section 3a,
variations of the measured values are less likely to occur.
Besides, because of the mirror 8, the image of the tip of the
clectrode 2 1s captured by the CCD camera 91 from the direct
tront thereol, and therefore, the captured 1image 1s processed
by the calculation section 5a, thereby measuring at least two
or more tip diameters r at one time. With this process, the
measurement of the diameters rl and r2 of the electrode tip,
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1.€., determination of whether the tip has a true circular shape
or not, 1s accurately performed without reducing availability
ratio 1n the production line.

Both surfaces of the mirror 8 simultaneously reflect the tips
of the pair of the electrodes 2 vertically arranged, and there-
fore, 1mages of the tips of the pair of the electrodes 2 are
captured simultaneously, and the diameters rl and r2 of the
clectrode t1p are accurately measured without reducing avail-
ability ratio 1n the production line. Even when the weld gun G
has the electrodes 2 with a particularly short distance ther-
cbetween, since the CCD camera 91 1s not disposed between
the electrodes 2, and the mirror 8 1s only disposed between the
clectrodes 2, a width of a portion of the inspection apparatus
body 6 located between the electrodes 2 1s short, thereby
providing a compact structure of the body as a whole.

The 1llumination light sources 92a disposed 1n the periph-
cry of the lens of the CCD camera 91 are made of a LED,
thereby generating light enough for the CCD camera 91 to
capture 1mages.

The t1ip periphery of the electrode 2 1s illuminated by the
edge detection light sources 73 from the radial direction with
the electrode 2 fixed to the fixing hole 72a, and therefore, the
tip periphery in the electrode 2 1s clearly reflected on the
image captured by the CCD camera 91. With this configura-
tion, the 1mage 1s accurately processed by a calculation sec-
tion Sa, and the diameters r of the electrode tip can be pre-
cisely measured.

The LED of blue light 1s used for the edge detection light
sources 73. Therefore, unlike an LED of white light, the blur
in the tip periphery of the electrode 2 due to glaze of the
clectrode 2 does not occur, and the tip periphery of the elec-
trode 2 1s clearly reflected on the image captured by the CCD
camera 91, whereby the calculation processing by the calcu-
lation section Sa 1s further accurate.

The electrode 1nspection apparatus 1 includes the display
section 4 for displaying the images captured by the CCD
camera 91, the calculation result processed by the calculation
section 5a, and the result compared and determined by the
determining section 5b. Therefore, the workers and the like
can consider a dressing cycle of the electrode 2 and the like
based on the obtained data after the inspection.

Since the display section 4 can display the images captured
by the CCD camera 91, the calculation result processed by the
calculation section 5a, and the result compared and deter-
mined by the determining section 3b, the workers can know
the condition of the electrodes 2 even 1f the workers do not
enter the production line, and the workers safely manages the
production line.

<<Second Embodiment>>

FI1G. 11 shows an electrode inspection apparatus 1 for spot
welding according to a second embodiment. The second
embodiment has the same construction as 1n the first embodi-
ment other than providing one single CCD camera 91 to
reduce the length of an inspection apparatus body 6 in the
longitudinal direction, and changing the structure of a minor
81. Therefore, the different parts will be specifically
described hereinatter.

The minor 81 1s formed into a plate shape, and 1s rotatably
attached to the 1nside of the mspection apparatus body 6 by a
rotation axis extending in the width direction of the inspection
apparatus body 6. The minor 81 1s obliquely disposed with
respect to an electrode 2 so as to be distant from a fixing hole
72a at a position opposite to the electrode 2 with respect to a
measuring reference unit 7, and i1s configured to rotate 90
degrees around the rotation axis 8la, thereby switching
between the electrode 2 1n an upper side to be captured by the
CCD camera 91, and the electrode 2 1n a lower side to be
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captured by the CCD camera 91. The minor 81 1s connected to
a control unit S which 1s not shown, and by the command from
the control unit 5, the electrodes 2 to be captured can be
switched.

Therefore, according to the second embodiment of the
present invention, the advantage similar to the first embodi-
ment, and 11 the mirror 81 rotates rotate 90 degrees around the
rotation axis 81a, whereby respective tips of the pair of the
clectrodes 2 1s imaged by the CCD camera 91. Therefore, the
length of the inspection apparatus body 6 in the longitudinal
direction 1s shortened, thereby providing the mnspection appa-
ratus with low cost and a compact structure.

<<Third Embodiment>>

FIG. 12 shows an electrode inspection apparatus 1 for spot
welding according to a third embodiment. The third embodi-
ment has the same construction as in the second embodiment
other than changing a structure of a mirror 82. Therefore, the
different parts will be specifically described hereinatter.

The mirror 82 includes an upper mirror 82a and a lower
mirror 825 each formed 1nto a plate shape. The upper mirror
82a 1s obliquely disposed with respect to an electrode 2 so as
to be distant from a fixing hole 72a at a position opposite to
the electrode 2 with respect to a measuring reference unit 7
located 1n the upper side, and the lower mirror 8256 1s
obliquely disposed with respect to the electrode 2 so as to be
distant from a fixing hole 72a at a position opposite to the
clectrode 2 with respect to a measuring reference unit 7
located 1n the lower side. The mirror 82a and the lower mirror
82b are integrated at a side closer to the CCD camera 91, and
has a V shape 1n cross-section. The CCD camera 91 1s con-
figured to simultaneously capture images of the tip of the
clectrode 2 reflected on the upper mirror 82a and the tip of the
clectrode 2 retlected on the lower mirror 826 from a direct
front thereol.

Therefore, according to the third embodiment of the
present invention, compared to the second embodiment, the
respective tips of the pair of the electrodes 2 are simulta-
neously imaged by the CCD camera 91 even if the mirror 82
does not rotate. Therefore, compared to the second embodi-
ment, the electrode inspection apparatus 1 be provided with
low cost and a compact structure.

<<Fourth Embodiment>>

FIG. 13 shows an electrode inspection apparatus 1 for spot
welding according to a fourth embodiment. The fourth
embodiment has the same construction as 1n the first embodi-
ment other than providing one measuring reference unit 7 and
one CCD camera 91, and a mirror 8 having a mirror plane at
one side. In this case, the tips of the pair of the electrodes 2 1s
only be measured one by one. For example, in order to know
conditions of respective tips of the pair of the electrodes 2 1n
the weld gun G, 1t 1s necessary to change the position of the
weld gun G to capture 1mages of respective electrodes 2,
resulting 1n capturing a time for inspection. However, the one
measuring reference umt 7 and the one CCD camera 91 are
provided, thereby reducing cost, and allowing the inspection
apparatus body 6 to have a compact structure.

<<Fiith Embodiment>>

FIGS. 14-18 show an electrode inspection apparatus 1 for
spot welding according to a fifth embodiment. In the fifth
embodiment, a portion around a mirror 8 1s modularized. In
the fifth embodiment 5, the same reference characters as those
shown 1n the first embodiment are used, and the diflerent parts
will be specifically described hereinafter.

As shown 1n FIG. 14, the electrode mspection apparatus 1
for spot welding according to the fifth embodiment 1s formed
in a flattened box shape with a thin thickness, and includes an
ispection apparatus body 60, one side of the an inspection
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apparatus body 60 in the longitudinal direction thereot being
curved outwardly so as to be formed i1nto a substantially

semidisc-shaped plate.
As shown 1n FIGS. 15 and 16, a mirror module 3 1s dis-
posed 1n the nside of the curved portion having a substan-

tially semidisc-shaped plate 1n the one side of the inspection
apparatus body 60 in the longitudinal direction thereof, a
control substrate 50 1s disposed 1n the inside of the other side,
and a pair of electrode fixing plates (measuring reference
units) 72 each having substantially a discoid shape and each
including a fixing hole 72a for fixing electrodes 2 therein are
disposed over and under the mirror module 3 so as to sand-
wich the mirror module 3.

The mirror module 3 extends in the width direction of the
inspection apparatus body 60, and as shown 1n FIGS. 15 and

16, includes a module frame 30 made of a resin, and serving
as a frame of the mirror module 3, where a mirror 8 1s
assembled 1n the central portion of the module frame 30. In
substantially the central portion of the module frame 30 1n the
vertical direction, the module frame 30 i1s divided into an
upper Irame 30a located 1n the upper side and a lower frame
305 located 1n the lower side.

The upper frame 30q includes a plate frame 31 extending in
the horizontal direction and including a through hole 31a
corresponding to the fixing hole 72a of the electrode fixing
plate 72 therein, and a pair of protruding plates 32 parallely
disposed downwardly from positions which sandwich the
through hole 31a of the plate frame 31, and 1n the lower edge
of each of the protruding plates 32, a split-type recessed
portion 32a recessed upwardly 1s formed.

As shown 1n FIG. 17, a circular protrusion 315 1s disposed
upwardly on the upper surface of the plate frame 31 along the
periphery ol the through hole 314, and on the upper surface of
the circular protrusion 315, grooves 31c¢ extending in the
radial direction are radially formed so as to divide the circum-
terence 1nto four parts equally. The upper surface of the plate
frame 31 1s provided with a light source fixing plate 70 1n
which a fitting hole 70a 1s formed so that the fitting hole 70a
fits with the outer periphery of the protrusion 315, and four
edge detection light sources 73 are attached to the light source
fixing plate 70 so as to correspond to respective grooves 31c
of the protrusion 315. Theretfore, light emitted from the edge
detection light sources 73 passes through the respective
grooves 31c, and 1lluminates the tip periphery electrode 2
fixed to the fixing hole 72a from the radial direction.

On the lower surface of the plate frame 31, a shield plate
31d having a semi arc-shape and an L-shaped cross section 1s
disposed downwardly along the periphery of the through hole
31a 1 one side of the plate frame 31 in the longitudinal
direction thereof. The shield plate 31d 1s located between the
illumination light source 92a and the electrodes 2 to shield
light emitted from the i1llumination light sources 92a and
directly directing toward the electrode 2. Therefore, even
when the distance between the 1llumination light source 924
and the electrode 2 1s shortened, the light emitted from the
i1llumination light sources 92a does not directly 1lluminate the
tip of the electrode 2, and the structure avoids a state where the
light directly 1lluminating the tip of the electrode 2 from the
illumination light sources 92a reflects on the CCD camera 91,
and the like. Therefore, the inspection apparatus body 60 has
a compact structure while the electrode 2 1s clearly viewed.

The lower frame 305, as shown 1n FIGS. 15 and 18, has the
same structure as the structure of the upper frame 30q, and
therefore, the same reference characters as those shown in the
upper frame 30q are used, and the explanation thereof will be
omitted.
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When the module frame 30 1s assembled so that the shield
plates 31d are 1n a point symmetric arrangement when viewed
from side, and the edge of the protruding plate 32 1n the upper
frame 30q and the edge of the protruding plate 32 1n the lower
frame 305 mesh with each other, light quantity adjustment
walls 33 are formed 1n the protruding plate 32 of the upper
side and 1n the protruding plate 32 of the lower side, light
through holes 34 are formed 1n the split-type recessed portion
32a of the upper side and 1n the split-type recessed portion
32a of the lower side, and the mirror 8 1s assembled 1n the
central portion of the module frame 30 and 1s sandwiched by
the light quantity adjustment walls 33.

In both ends of the module frames 30 1n the longitudinal
direction thereot, a pair of CCD cameras 91 for imaging the
tips of the electrodes 2 from a direct front thereof reflected on
the mirror 8 by retlection are assembled so as to distance from
the mirror 8 1n both sides of the mirror 8, and each of the light
quantity adjustment walls 33 1s disposed so as to be 1n the
vicinity of the front of the CCD camera 91. A space S through
which the light emitted from the i1llumination light sources
924 passes 1s formed between the inner periphery of the light
through holes 34 and the outer periphery of the CCD camera
91, and part of the light emitted from the 1llumination light
sources 92a are shielded by the light quantity adjustment
walls 33, thereby making it possible to set light quantity
appropriate for imaging the electrodes 2 to image the elec-
trodes 2 clearly.

A diffusion plate 10 made of a resin having a milky white
color extends 1n the vertical direction between the light quan-
tity adjustment walls 33 in the module frame 30 and the CCD
camera 91, and 1s configured to diffuse the light emitted from
the plurality of the illumination light sources 92a and direct-
ing toward the mirror 8, thereby alleviating the problem of a
non-uniform brightness distribution 1n light.

In addition, a protective cover 11 made of a transparent
resin 1s provided in the mner side of the through hole 31 ain
the plate frame 31 for filling the fixing hole 72a and prevent-
ing dust and the like from entering the mirror module 3, and
the protective cover 11 1s provided with a curved portion 11a
for retlecting the light which has been reflected on the mirror
8 from the 1llumination light sources 92a beyond a scope
where the CCD camera 91 can capture images. Therefore, this
prevents dust and the like attached to the tip of the electrode
2 1n the protective cover 11 from entering the inside of the
ispection apparatus body 60 from the fixing hole fixing hole
72a, and the light emitted from the illumination light sources
924 and reflecting on the protective cover 11 1s diffused 1n the
curved portion 11a and does not reflect on the lens of the CCD
camera 91, thereby making it possible to image the electrodes
2 clearly.

The configuration and the control of a control unit 3 1n the
clectrode inspection apparatus 1 for spot welding according
to the fifth embodiment are similar to that of the control unit

5 1n the first embodiment, and the explanation thereof will be
omitted.

In the first through fifth embodiments, the four edge detec-
tion light sources 73 are attached 1n one measuring reference
unit 7. At least two or more of the edge detection light sources
73 may be attached to the one measuring reference unit 7, and
it 1s preferable to attach three or more of the edge detection
light sources 73 to the one measuring reference umt 7.
Although the blue LED 1s used for the edge detection light
sources 73, any colour of an LED 1n addition to the blue one
can be used as long as it clearly can reflect the tip periphery of
the electrodes 2 1n the 1mages captured by the CCD cameras

91.
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In the first through fifth embodiments, one main body of
the inspection apparatus 6 1s provided. A plurality of the
inspection apparatus body 6 may be controlled by one control

unit 5.
In the first through fifth embodiments, although the CCD

cameras 91 are used for imaging the tips of the electrodes 2,
CMOS cameras may be used.

In the 1mages captured 1n the first through fifth embodi-
ments, the conditions of the tips of the electrodes 2 may be

known by performing a calculation processing by a general
binarization process.

INDUSTRIAL APPLICABILITY

The present invention 1s suitable for an electrode 1mnspec-
tion apparatus for spot welding used 1n, for example, auto-
mobile production lines.

DESCRIPTION OF REFERENCE CHARACTERS

1 Electrode Inspection Apparatus for Spot Welding
2 Electrode

4 Display Section

5 Control unait

5a Calculation Section

56 Determining Section

5¢ Data Storage Section

6 Inspection Apparatus Body

7 Measuring Reference Unait

8. 81, 82 Minor

11 Protective Cover

11a Curved Portion

314 Shield Plate

33 Light Quantity Adjustment Wall
34 Light Though hole

60 Inspection Apparatus Body

72 Electrode Fixing Plate (Measuring Reference Unit)
72a Fixing Hole

73 Edge Detection Light Source

91 CCD Camera

92a Illumination Light Source

S Space

The mvention claimed 1s:
1. An electrode mspection apparatus for spot welding, the
apparatus comprising;

an inspection apparatus body in which one or more cam-
eras for imaging tips of one or more electrodes for spot
welding held to a weld gun are disposed; and

a control umt having a calculation section processing
images of the tips of the electrodes captured by the
cameras, and a determining section comparing a calcu-
lation result 1n the calculation section with a preset value
to determine conditions of the tips of the electrodes,
wherein

the 1nspection apparatus body includes a measuring refer-
ence unit 1n which a fixing hole for inserting and fixing
cach of the tips of the electrodes 1s formed, a mirror
obliquely fixed with respect to one of the tips of the
clectrodes fixed to the fixing hole at a position opposite
to a side of the measuring reference unit from which the
clectrodes are inserted and a part from the fixing hole 1n
a direction 1n which each of the electrodes 1s inserted,
and a plurality of edge detection light sources 1lluminat-
ing a periphery of the tips of the electrodes from a radial
direction with each of the electrodes fixed to the fixing

hole,
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cach of the cameras 1s disposed away from the mirror with
a distance there between 1n a direction orthogonal to the
direction 1n which each of the electrodes 1s 1inserted into
the fixing hole so as to 1image each of the tips of the
electrodes from a direct {front thereol, and

illumination light sources emitting light toward the mirror
are disposed around a periphery of the lens of the cam-
eras.

2. The apparatus of claim 1, wherein

a pair of the electrodes are provided so as to face each other
in both sides of the mirror,

the mirror 1s formed into a plate shape, and has mirror
planes for reflecting the tips of the electrodes at both
sides thereof, and

a pair of the cameras are provided 1n the both sides of the
mirror.

3. The apparatus of claim 1, wherein

a pair of the electrodes are provided so as to face each other
in both sides of the mirror,

the mirror 1s formed 1nto a plate shape, has a mirror plane
for reflecting the tips of the electrodes at one side
thereol, and 1s rotatably attached to the mspection appa-
ratus body, and

the mirror 1s rotated to switch the electrodes retlected on
the mirror, and one of the cameras 1s configured to 1image
the respective tips of the electrodes from a direct front
thereol.

4. The apparatus of claim 1, wherein

a pair ol the electrodes are provided so as to face each other
in both sides of the mirror,

the mirror 1s provided so as to include a pair of mirror
sections for reflecting the respective tips of the elec-
trodes, and

one of the cameras 1s configured to simultaneously 1mage
the respective tips of the electrodes reflected on the
respective mirrors from a direct front thereof.

5. The apparatus of claim 1, wherein

the 1llumination light sources are made of an LED.

6. The apparatus of claim 1, wherein

the ispection apparatus body i1s provided with a light
quantity adjustment wall including a light through hole
therein and disposed so as to be 1n a vicinity of a front of
each of the cameras, and

a space through which light emitted from the i1llumination
light sources passes 1s formed between an inner periph-
ery of the light through hole and the outer periphery of
cach of the cameras.

7. The apparatus of claim 1, wherein

the imnspection apparatus body 1s provided with a protective
cover for filling the fixing hole, and

the protective cover 1s provided with a curved portion for
reflecting light which has been retlected on the mirror
from the illumination light sources beyond a scope
where the cameras capture images.

8. The apparatus of claim 1, wherein

the 1nspection apparatus body 1s provided with a shield
plate shielding light emitted from the i1llumination light
sources and directly directing toward the electrode, and
located between the 1llumination light sources and each
of the electrodes.

9. The apparatus of claim 1, wherein

the edge detection light sources are made of a blue LED.

10. The apparatus of claim 1, wherein

the control unit includes a data storage section storing the
images captured by the cameras, the calculation result
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processed by the calculation section, and a result of
comparison and determination by the determining sec-
tion.

11. The apparatus of claim 1, wherein

a display section includes for displaying the images cap-
tured by the cameras, the calculation result processed by
the calculation section, and a result of comparison and
determination by the determining section.

12. The apparatus of claim 1, wherein

an ispection apparatus body includes a board which 1s
provided between the measuring reference unit and the
miIrror,

the edge detection light sources are fixed to a part of the
board adjacent to the measuring reference unit,

the board includes a through hole corresponding to the
fixing hole and the mirror, and a circular protrusion
provided around the through hole, protruding toward the
measuring reference unit, and having an edge contacting
a part of a periphery of the fixing hole adjacent to the
board, and

the circular protrusion 1s provided with a light source hole
guiding light emitted from a corresponding one of the
edge detection light sources to a tip periphery of a cor-
responding one of the electrodes at a position of a part of
the circular protrusion associated with a corresponding
one of the edge detection light sources.

¥ H H ¥ ¥
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